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Anaplasma phagocytophilum infections in North
America seem more frequent and severe than in
Europe [1]. We tested whether in vitro infection of
human neutrophils by two North American
A. phagocytophilum isolates (Webster and
MDHGE) and an isolate from Europe (Slovenia-
1) differentially affect key antimicrobial (oxidative
burst) and pro-inﬂammatory (degranulation) re-
sponses believed to be important for disease
manifestations.
A. phagocytophilum strains were grown in HL-60
cells from which bacteria were released by son-
ication and immediately used to infect human
peripheral blood neutrophils [2] at approximate
multiplicity of infection of 10:1 (approved by the
Johns Hopkins University School of Medicine
Institutional Review Board). Suppression of
reactive oxygen species (ROS) generation by
A. phagocytophilum-infected neutrophils after
fMLP stimulation was measured using a ﬂow
cytometric assay, as previously described [2].
Results were expressed as a ratio of ﬂuorescence
in stimulated to unstimulated neutrophils in ﬁve
replicate experiments. Degranulation of vesicle-
associated markers CD11b and CD66b was
measured by ﬂow cytometry in infected and
mock-infected human neutrophils at 0, 6 or 18 h
after fMLP stimulation. Thereafter, cultures were
double stained with FITC-anti-human CD66b
(speciﬁc granules) and PE-anti-human CD11b
[3]. Results were expressed as a ratio of ﬂuores-
cence among stimulated infected or uninfected
neutrophils to ﬂuorescence in unstimulated unin-
fected neutrophils in four replicate experiments.
Data were examined by comparing geometric
mean ﬂuorescence and standard deviation for cell
populations examined using paired equal or
unequal variance, one sided Student’s t-tests
where p values <0.05 were considered signiﬁcant.
Compared with oxidative burst among unin-
fected neutrophils at 0 h, overall oxidative burst
with and without fMLP stimulation declined at
6 h to 77% and 98%, and at 18 h to 23% and 36%,
respectively (Fig. 1). However, the ratio of respi-
ratory burst activity between stimulated and
unstimulated neutrophils did not differ at 0 h
(1.50), 6 h (1.24, p = 0.379), or 18 h (1.46,
p = 0.917), illustrating the surviving neutrophils’
retained oxidative burst capacity. Among infected
neutrophils, reduced respiratory burst was also
seen at 6 and 18 h, but to a degree greater than
with uninfected cells (range 50–100% of 0 h
activity). As anticipated at 0 h, neutrophil infec-
tion did not alter fMLP-stimulated oxidative burst
(p = 0.194). However, compared with uninfected
neutrophils at the same intervals, fMLP-induced
respiratory burst was impaired at 6 h by
A. phagocytophilum MDHGE (p <0.012) and at
18 h by both MDHGE and Webster (p <0.026 and
p <0.021, respectively). Oxidative burst was not
signiﬁcantly reduced in neutrophils infected by
the Slovenia strain at any interval (6 h, p = 0.10;
18 h, p = 0.19).
No signiﬁcant change in spontaneous degran-
ulation was observed over 0, 6 and 18 h in
uninfected neutrophils (p >0.38). Uninfected neu-
trophils stimulated by fMLP degranulated at 0
and 6 h, but not 18 h, consistent with the normal
neutrophil lifespan. Among all A. phagocytophi-
lum-infected neutrophils, fMLP stimulated
degranulation of both CD11b and CD66b. For
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CD11b, degranulation was observed: immediately
(1.15–1.24-fold higher than unstimulated neu-
trophils, p <0.01), except for the Slovenia strain
(p = 0.07); at 6 h after infection (1.26–1.29-fold
higher than uninfected neutrophils, p £0.01),
except for the Webster strain (1.1-fold increased,
p = 0.24); and was still 1.59–1.63-fold higher
(p <0.05) for all three strains at 18 h. CD66b
degranulation differed from that of CD11b in that
it was delayed in neutrophils infected by Slove-
nia-1 and Webster A. phagocytophilum strains,
present in all MDHGE and Slovenia-1 strains at
6 h post-infection, and persisted in all strains
through at least 18 h (2.1–2.2-fold higher than
unstimulated, p <0.05). When directly compared
with degranulation for either CD11b or CD66b
with infection by the Slovenia strain, neither the
Webster or MDHGE strains were more or less
effective at degranulation at any interval.
A. phagocytophilum uses many evasion strate-
gies to promote survival in its intracellular neu-
trophil niche. Such strategies include mechanisms
that allow evasion of oxidative killing by either
reducing the generation of reactive oxygen spe-
cies (ROS) or by scavenging and detoxifying ROS
that are generated [1]. A role for induced and
prolonged degranulation in A. phagocytophilum
infection is less clearly deﬁned. Degranulation, as
reﬂected by neutrophil surface expression of
CD11b from speciﬁc, gelatinase and secretory
vesicles, and CD66b from speciﬁc granules, cor-
responds with increased release of MMP-3, 7, 8
and 9 over intervals up to 18 h or longer [3,4].
Degranulation also leads to the discharge of an
unknown metalloprotease sheddase of leukocyte
adhesion molecules that prevents vascular mar-
gination to ensure that infected cells stay in
circulation [5].
The data suggest that natural diversity in the
ability of A. phagocytophilum strains to modulate
host cell function exists. Although it is difﬁcult to
conclude that the variation shown here reﬂects
biological functions typical of A. phagocytophilum
populations present in these different geographic
areas, it is interesting that the lowest degree of
phagocyte oxidase impairment observed was
with the isolate from Slovenia, an area where
disease is less frequent and less severe.
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Fig. 1. Oxidative (respiratory) burst assayed by detection
of ﬂuorescent DCF in unstimulated, fMLP-stimulated and
A. phagocytophilum-infected neutrophils at 0, 6 and 18 h
after infection. Respiratory burst is shown as the fold
change in geometric mean ﬂuorescence after fMLP-stimu-
lation of uninfected or infected neutrophils. The results
represent the mean ± SD for ﬁve separate replicate exper-
iments. The asterisks (*) indicate values for fMLP-stimu-
lated A. phagocytophilum-infected neutrophils that have
signiﬁcantly lower (p <0.05) respiratory burst than the
fMLP-stimulated uninfected neutrophil controls.
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